Discussion
The reaction of Zr(CsH5)2Cl2 with two equivalents of n-butyllithium yields the purported compound Zr(CsH5)2(l-butene) [2, 3] , which has found significant application in organic synthesis. However, spectroscopic data have suggested that the butene ligand actually becomes converted to a methylallyl ligand and a hydride ligand, leading to an 18-electron Zr(IV) complex rather than a 16-electron Zr(II) complex. This structural determination of the pentamethylcyclopentadienyl ligand analogue serves to confirm that formulation. TTie Zr-C distances for the CsMes ligand average to 2.565(7) Ä. Hie bonding of the allyl ligand is quite unsymmetric, with the Zr-C(21,22,23) distances being 2.383(2) A, 2.524(2) Ä, and 2.654(3) Ä, respectively. Together with C21-C22 and C22-C23 distances of 1.434(4) Λ and 1.369(4) A, this reflects some contribution from a a coordination mode. However, the apparent hydride position, at a reasonable 1.76(2) Ä from the zirconium center, is fairly close to C23 at 2.41 Ä (Hl-Zr-C23 angle of 62.3(9)°), apparently providing an indication that the hydride and allyl ligands are well-positioned to regenerate a 1-butene ligand. Although the distance of 2.41 Ä is substantially shorter than an expected van der Waals separation, it does not appear short enough to be regarded as bearing any significant degree of contribution as a C-Η bond engaging in an agostic interaction with an electron deficient metal center. 
Experimental details
The identification of the location of the hydride ligand could be supported by the direction of tilting between the two pentamethylcyclopentadienyl ligands, and by the deviations of their carbon atoms from the least-squares planes defined be the five metalbound atoms, CI -C5 and Cll -C15. In addition to the hydride ligand, the hydrogen atoms on the methylallyl ligand were subjected to isotropic refinement in order to observe their positional orientations relative to the allyl ligand plane. The remaining hydrogen atoms were placed in fixed locations.
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